Aims: To compare the use of biotinylated and digoxigenin labelled probes for diagnosis ofhuman fetal parvovirus B19 infection in formalin fixed, paraffin wax embedded tissues; and to assess the cellular distribution of the virus in positive cases.
Methods: Sections of lung tissue from 23 cases of anatomically normal nonimmune fetal hydrops presenting between 1984 and 1989, and from 13 control cases of hydrops due to chromosomal abnormality were probed for B19 DNA by in situ hybridisation using both biotinylated and digoxigenin labelled probes. The distribution of the virus was then investigated in all cases of fetal B19 infection confirmed in this laboratory to date (n = 11) by combining in situ hybridisation for viral DNA (using the digoxigenin system) with immunohistological labelling for a range of cellular antigens. Results: Five unequivocal cases of B19 infection were identified among the 23 fetuses with unexplained hydrops using both probe labels. When combined with data from previous studies of the period [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] , the results indicate that B19 infection was responsible for 27% of cases of anatomically normal non-immune hydrops and 8% of all cases, of nonimmune hydrops presenting to this hospital over 15 years. False positive signal was seen in an additional three cases, using biotinylated probes. Digoxigenin labelled probes gave greater specificity and permitted detailed investigation of tissues high in endogenous biotin. Though Sections (5 pm) were cut on to slides coated with 1% 'silane in acetone." After dewaxing, proteolytic digestion was performed with proteinase K as previously described,"3 the optimal strength and duration of proteolytic digestion varying for each block, depending on the degree of autolysis and length of fixation. Representative sections were exposed to DNAse I or heat treated RNAse A after proteolytic digestion, or both.'2 Sections were denatured in autoclaved deionised water (dH2O) at 95°C for 10 minutes, cooled rapidly in ice-cold dH2O, and air dried.
Plasmids pYT104 (containing 95% of the B19 genome in a riboprobe vector'4), pBR322 without insert, and pHY2-1 (containing a 2-1 kilobase Y chromosome repeat sequence '5) were nick-translated with either biotin-1 I-dUTP or digoxigenin-1I-dUTP.'2 Probes were added at a final concentration of 1 ug/ml to hybridisation mixture consisting of 10% dextran sulphate, 50% deionised formamide, 250 ,ug/ml sheared herring sperm DNA, 300 mM NaCl, 60 mM TRIS, 4 mM EDTA (pH 7 0), then denatured at 95°C for 15 minutes and snap frozen. For each case, consecutive sections on one slide were incubated under sealed coverslips with biotinylated pYT104, pBR322 (negative control), and pHY2 1 (positive "technique" control) for two hours at 37°C, and a duplicate experiment was performed using the same probes labelled with digoxigenin. Coverslips were removed by washing in TBS (15 mM TRIS, 0-15 M NaCl, pH 7-2) with 0-5% Triton-X100 at 37°C and stringency washes performed in 0 5 xTBS at 65°C. Blocking was performed with 15% skimmed milk powder in AP7 5 buffer (0-1 M TRIS, 0O1 M NaCl, 2 mM MgCl2, pH 7 DNA was assessed in all available organs from 11 cases of B 19 DNA positive fetal hydrops using digoxigenin labelled probe pYT104. Cases included those detected in the present study, four cases reported in a previous study,8 one case from the Oxfordshire region not previously reported, and one case from University College Hospital, London. The density of positive cells in each tissue was averaged over a minimum of 10 high power fields. Digoxigenin labelled plasmids pBR322 and pHY2-1 were used as negative and positive control probes, as described above. Sequential immunohistology for cellular antigens and in situ hybridisation for B 19 DNA were performed on a range of tissues from each case to identify the cell types involved. Monoclonal antibodies used for cell typing are shown in table 1. Immunostaining was performed using the APAAP method'6 with Fast Red as the substrate. Digestion with proteinase K gave satisfactory results with most antibodies requiring proteolytic pretreatment; the degree of digestion required for optimal immunolabelling also being sufficient for penetration of the parvovirus probe. A second digestion protocol using 1 % protease type XIV (Sigma) in TBS at 24°C for [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] minutes'7 was also effective, with the unique advantage of enabling labelling with EBMi 1, an antibody to CD68 generally regarded as unreactive on paraffin wax embedded tissues.
Results
Five of the 23 cases of "unexplained" hydrops were shown to be unequivocally associated with B 19 infection, using both biotinylated and digoxigenin labelled probes. All five cases presented in the years 1988-1989 in the second trimester of pregnancy. No cases of hydrops due to chromosomal abnormality had positive B 19 signal with either probe label, but three cases of anatomically normal hydrops thought to be due to viral infection on the basis of routine histology repeatedly produced an equivocal result when tested with both biotinylated B19 probe and biotinylated pBR322. Reprobing with digoxigenin labelled probes resulted in a general decrease in background signal and loss of the "positive" signal, suggesting that it was non-specific and possibly due to the presence of relatively high concentrations of endogenous biotin in certain individual cells. While the strength of the Y-repeat signal evident with the digoxigenin system was slightly less than that seen with the avidinbiotin system after one hour in substrate, the signals were of equal strength after overnight incubation; thus final sensitivity was comparable. Based on the ability to detect the 200 autosomal homologues of the 2 1 kilobase Y-repeat sequence with both probe types, we estimate that the technique was capable of detecting less than 75 copies of the 5 6 kilobase B19 genome per cell.
The pYT104 hybridisation signal was relatively resistant to DNAse digestion, requiring DNAse concentrations up to 10 mg/ml for complete removal, while the Y2-1 signal was Use of NISH and innunophenotvping for investigating fetal parvovirus infection (table 2) . Many more cells contained viral DNA than contained typical inclusions on routine staining. Positive cells were frequently, though not exclusively, found within blood vessels and small capillaries. Positive debris as well as whole cells were commonly found within the liver and spleen. In all but one of the infected fetuses the liver contained the greatest number of positive cells. Viral DNA could readily be detected despite histological evidence of advanced autolysis. As previously noted,'8 infected cells seem to be unusually resistant to degradation, possibly because of their high (viral) DNA content. Lung tissue generally contained moderate numbers of positive nuclei, many lying close to the alveolar margins. In the kidney, cells containing B19 DNA were mainly located within the glomerular capillaries, while in the thymus they were focally distributed at the periphery of lobules, unrelated to Hassall's corpuscles. Virus positive nuclei in the heart were evenly scattered across the myocardium, which in most cases was also quite severely autolysed. Most positive nuclei clearly lay within small capillaries, while some were more elongate in shape and seemed to lie within myocytes. Despite the presence of obvious viral inclusions in all three samples of bone marrow tested, hybridisation signal was only obtained in one; the loss of signal possibly representing an artefact of decalcification processing. Few positive cells were seen in the available blocks of brain tissue. Most seemed to be associated with blood vessels, though capillary walls were often indistinct. B19 hybridisation signal within the placenta was confined to the villi: the membranes and decidua being free of infected cells in all cases available for study. The number of infected cells seen in the placenta varied considerably between cases, and did not correlate with the amount of signal detected in other organs. In one fetus, the parvovirus probe hybridised strongly to acellular material within the lumen of large vessels (fig 1) , suggesting that aggregates of "free" circulating virus can also be detected in routinely fixed, paraffin wax embedded tissues by in situ hybridisation if the viral titre is sufficiently high. No particular age related differences in the pattern of viral distribution were detected, and the intensity of labelling of positive cells did not vary appreciably between fetuses, though the total numbers of infected cells varied considerably from case to case.
The classic parvovirus inclusion containing cell was confirmed to be a late erythroid precursor by the use of antibody JC 159 against glycophorin A (fig 2A) . Most B to label with the anti-leucocyte common antigen combination PD7/2Bl (fig 2C) , and a range of antibodies against different leucocyte antigens was used to characterise these cells. In all 11 infected fetuses hybridisation signal was frequently detected within mononuclear-phagocytic cells labelled by antibodies KP 1, MAC 387, and EBMi 1, particularly in sections of liver. In some of these cells a separate uninfected nucleus could be clearly identified, suggesting that phagocytosis of infected cells had occurred ( fig 2D) . In others only a single B 19 DNA positive nucleus was visible ( fig 2E) .
Viral signal was not detected in circulating neutrophils labelled by MAC387, but was found in cells labelled by the "T cell/myeloid" antibody DF-T1 (fig 2F) , though recent work has indicated that the CD43 antigen detected by DF-T1 is also present on normoblasts and megakaryocytes in adult bone marrow. ' (fig 2G) . Infection of endothelial cells was not conclusively shown in any tissue, though the presence of positive material within blood vessels (fig 1) occasionally made interpretation difficult. Double labelling with the anti-cytokeratin combination MNF1 16/LP43 showed that although B 19 is thought to be spread by the respiratory route in the community, B 19 DNA was not present in the columnar epithelial cells lining large airways (fig 2H) , though many positive nuclei lay directly beneath the alveolar margins. Double labelling with the same anti-cytokeratin combination in renal and intestinal tissue confirmed that there was no viral signal within either the tubular epithelium of the kidney or the gut epithelium. Within non-autolysed myocardium available from three fetuses B 19 DNA positive nuclei were occasionally detected within cells labelled by antibody DE-R-1 1 to desmin (fig 21) , indicating that B 19 DNA is not necessarily confined to circulating blood cells within the fetal myocardium. Heart tissue from the remaining cases was so severely autolysed or over-fixed that labelling for desmin was unsuccessful. No obvious differences were seen in the cell populations containing B 19 DNA in fetuses of different gestational age, suggesting that the pathogenesis of infection was similar in each case. Our results on the organ distribution of B 19 DNA in the infected fetus are in broad agreement with the results obtained by others using dot-hybridisation,27 the polymerase chain reaction,23 and electron microscopy on tissue homogenates.27 28 In general, viral DNA was most abundant in the liver (the major site of haemopoiesis in the early second trimester), relatively plentiful in the lung, kidney, thymus and heart, and least abundant in the brain and placenta. This suggests that although investigation of the placenta is valuable in many instances,'8 use of this organ alone for diagnostic purposes may lead to error.
Discussion
While the importance of detecting varying amounts of viral DNA in different organs using dot-hybridisation techniques is difficult to assess,27 the combination of non-isotopic in situ hybridisation for viral nucleic acid with immunohistology for cellular antigens provides a powerful tool for determining exactly where infected cells are located, and which cell types are involved in each organ. The findings of the present study confirm and extend preliminary results obtained using a biotin double label system on tissues from a single case,'o and show that the pattern of infection is similar across a range of gestational ages.
Immunolabelling with antibody to glycophorin A confirmed that the classic inclusioncontaining cell was a late erythroid precursor (fig 2A) 
